异味物质β-环柠檬醛降解菌的分离和鉴定 by 代志刚 et al.
?38?  ?2? ? ? ? ? ? ? Vol.  38,  No.2 
2 0 1 4 ? 3 ? ACTA HYDROBIOLOGICA SINICA Mar . ,   2 0 1 4 
                            
收稿日期: 2012-12-25; 修订日期: 2013-11-17 
基金项目: ??????????(2012ZX07101-02-001-01)?? 
作者简介: ???(1988—), ?, ?????; ?????; ?????????????E-mail: daizg0601@163.com 
通信作者: ???(1965—), ???; ??????????????????????E-mail: reli@ihb.ac.cn 
 
doi: 10.7541/2014.33 
????β -????????????? 
代志刚1, 2  蒋永光1, 2  谷依露1, 2  胡晗华1  李仁辉1 
(1. ????????????, ?? 430072; 2. ???????, ?? 100049) 
??: β-????(β-cyclocitral)?????????????????????????????, ???
?????????????????? β-??????? DH16? DH18, 16S rRNA?????????
??????????????? (Acidovorax)??????(Acinetobacter)?????????????
?? Novosphingobium sp. THN1? β-??????????, ???????????(Novosphingobium)?
??????? β-??????????????, ?????????? DH18? THN1???????
?? β-???????, ?????? β-???????????????? 
???: ???; β-????; ????; ?????; ???????; ???? 
中图分类号: X172    文献标识码: A    文章编号: 1000-3207(2014)02-0222-05 
 
??????????????????? , 
????????????, ?????????
??, ???????????????????, 
??????????????????????
????????????? : ???????
(Geosmin)???????(2-MIB)???????
?[1, 2]; ????? β-????(β-cyclocitral)? β-?
???(β-Ionone)???????[3]? 
???????, β-???????????
?, ??????????????[4, 5]?β-???
?????????(0.5—80 μg/L)???????
???????????[6, 7], ?????????
?????????, ????????????
???????[8]??????????????
??????, ????????????[9]? 
????????????????????
?????[10]???????[11] ????????
???[12, 13]???????????, ?????
??????????????????????
?????????????????, ????
????????????, ?????????
??????????????????????
???2-MIB?Geosmin???[14—16]? 
??????? β-?????????????
?????????????????????[17], 
?? β-???????????????????
??????????????????????
????, ?????????? β-??????
?DH16?DH18, ??????????????
????? THN1? β-????????????
?????????? β-???????, ???
??? β-???????????????? β-?
?????????????? 
1  ????? 
1.1  ????? 
GC-2014C?????, FID ???(SHIMADZU, 
??); ????GL TCseriesWondaCap 5 (0.25 mm× 
30 m×0.25 μm); ?????(SPME)??, 50/30 μm
????????? /??? /???????
(DVB/CAR/PDMS, 57328-U), 25 mL?PTFE???
???????????Supelco (Sigma-Aldrich?
2? ????: ???? β-????????????? 223 
 
?, ??) ??; ?????; 0.94 g/mL ?β-???
?????????SAFC??; NaCl????(??
??), ?550℃??6h????????????; 
pMD18-T?? (Takara, Japan); ?????E. coli 
DH5α (Takara, Japan); ?????(BioFlux, Japan)? 
1.2  ????????? 
? 25 mL? PTFE????????????
???????? Millipore ???? 10 mL, 3 g 
NaCl ????????(????? pH ????
8—10)??????? 60℃?????, ?????
??????????????????????
??????? , ?????????????
?????? 45min?, ??????, ?????
?????????, ??????[8, 18]? 
1.3  ????(GC)???? 
GC-FID??????: ????N2, ??150 kPa; 
H2??45 kPa; ????40 kPa; ?????250 , ℃
FID ?????270 ; ℃ ???????????
(splitless) 2min?GC-FID?????: ??60 , ℃ ??
2min, ?5 /min℃ ???????200 , ℃ ??2min ?
??20 /min℃ ?????250℃???2min? 
1.4  β-?????????? 
???????????????????
????????????????????? , 
????2 μm?????????0.5 mL???
???10??100??1000?, ??????β-??
??????? (20 μg/mL)?????????
M9???(????M9????????1.5%?
??, ??????, ????β-????), ??
30℃????????????????????
????????????????????LB
??????? , ?????????????
???????? 
1.5  β-?????????? 
??????????LB????????
?????????, ??????, ??LB??
????????5 mL??M9???(0.1% NH4Cl?
0.05%NaCl?0.3% KH2NPO4?1.28% Na2PO4·7H2O? 
0.05% MgSO4·7H2O?0.0015% CaCl2·2H2O)????, 
?????????30℃?????, ?????
?????????β-????(20 μg/mL)???
??????7d?????, ?????, GC??
???β-??????????????????
????THN1?????????? 
1.6  ????? β-??????????? 
??????????????, ?LB???
??????LB?, ?M9???????, ???
?OD?(600 nm?)?0.1????????????, 
????β-????(???20 μg/mL), ?30℃??
???, ??2??4??6?????????GC?
?, ???????2???4???β-?????
20 μg/mL, GC??β-????????????? 
1.7  β-?????????? 
?????????????, ??????
???? , ??? 16S rRNA????? 27F: 
5'-AGAGTTTGATCCTGGCTCAG-3'?1492R: 5'-GG 
CTACCTTGTTACGACTT-3', PCR???????
??????, ?pMD18-T????, ??????
???????PCR??, ??????????
NCBI???????, ???????, ????
?????? 
2  ?? 
2.1  β-?????????? 
??????????????????? , 
??????????????, ???????, 
?????, ????, ???0.5—3.5 mm, ??
????, ????? 
??????, ??????, ??????
???????????6??? , ?????
DH14?DH15?DH16?DH17?DH18?TH19? 
2.2  β-?????????? 
?? 6???? THN1, ???M9?????
β-??????????? 1 ????, ????
?(? 1?? 2)? 
???? β-??????????????, 
DH16?DH18? THN1?????????, THN1
?????? 100%? 
2.3  ???? β-??????????? 
???? DH16?DH18? THN1????? β-
????????? 20 μg/mL?M9??????, 
????????????, ???? 2?? 4??
6 ??????? GC ???2d ????? DH18
? THN1???? β-????????????(?
3)?? 2 ??? 4 ??????????? β-?? 
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? 1  ???????????????? β-??????? 
Fig. 1  Concentrations of β-cyclocitral in different bacterial cul-
tures after one week 
 
? 2  ???????????????? β-???????
???? 
Fig. 2  Chromatograms of β-cyclocitral in different bacterial cul-
tures after one week 
 
??, ????? β-??????????, DH16
??????? β-????? 
2.4  β-?????????? 
?????? 16S rRNA?????NCBI??
????? , ??
?????(? 4)?
?? PCR ????
? ? ? DH16 ?
DH18 ? 16S rRNA
????, THN1?
??? GenBank ?
? ? , ? ? ? ?
HQ664117.1???
? ?? ? ? ??
GenBank ????
????????
??, ?? NJ?????????? DH16???
???? (Pseudomonas)?????????? 
(Acidovorax); ? DH18 ? ? ? ? ? ? ?
(Pseudomonadales)???????(Acinetobacter)? 
 
? 3  ? DH18? β-??????? 
Fig. 3  Effect of β-cyclocitral biodegradation by bacteria DH18 
3  ?? 
??, ?????????????, ???
??????????????????????
??????????????????????
??????????????????????
??????????????????????
?????????????β-????????
??????????????????????
????[19], ?????β-??????????
?, ???????????, ?β-??????
???????????????????? 
????????????????????
??????????????????????
 
? 4  ?? 16SrRNA????? NJ????? 
 Fig. 4  Phylogenetic tree (NJ) based on 16SrRNA sequences 
2? ????: ???? β-????????????? 225 
 
?????????????, ????????
??????????????????????
??????, ???????????????
??????????????, ???????
??????????2-MIB?geosmin?????
??, ????????, ??????????
??1996?, Tanaka, et al.[20]??????????
????????? 2-MIB ????, ????
??????????, ???????????
?????; Yagi, et al. [21]??????????
?????????(Bacillus subtilis)??? mg/L 
?? 2-MIB?Saadoun? EI-Migdadl[22]?????
??????Geosmin???; Hoefel, et al. [23]??
?????????Geo48, ?????????
geosmin???????????????????
?????, ????[16]???????????
2-MIB??????(Pseudomonas); ????[24]?
????????????  2-MIB??????
?????(Enterobacter cloacae)????????
??2-MIB?Geosmin????????????
???[25], ?????????????????
???????? 
????????????????(???)
??????? β-????, ?????????
???????????? β -???????
DH16 ? DH18, ??????????????, 
??????????????????????
????????????????, ?????
?????????????, ????????
??????, ???????????????
????????, ??????????? NCBI
??????????????, ???? DH16
?????? (Acidovorax), ?? DH18 ????
???(Acinetobacter)???, ?????????
????(Acinetobacter)[26]???? 2-MIB ???
?????????? THN1 ?????????
?????????????? Novosphingobium 
sp.THN1[27], ???????? β-????, ??
?????????, ????????????
?????, ????????????????
????????????????????? β-
?????????, ???????????? 
??? β-????, DH18? THN1???????
β-??????, ?????? β-???????
????????? 
????? 
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ISOLATION AND IDENTIFICATION OF β-CYCLOCITRAL DEGRADING BACTERIA 
DAI Zhi-Gang1, 2, JIANG Yong-Guang 1, 2, GU Yi-Lu1, 2, HU Han-Hua and LI Ren-Hui1 
(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;  
2. University of Chinese Academy of Sciences, Beijing 100049, China) 
Abstract: β-cyclocitral, one of the most common taste and odour compounds, is mostly produced by water bloom 
forming Microcystis. Using the agar-plate method, bacterial strains DH16 and DH18 for degrading β-cyclocitral were 
isolated from the water samples in the Microcystis dominated water blooms. Phylogenetic analysis based on the 16S 
rRNA gene sequences revealed that these strains belonged to genera Acidovorax and Acinetobacter respectively. The 
strain Novosphingobiums sp.THN1, a reported microcystin degraded strain, was also shown to have the ability to de-
grade β-cyclocitral. The experiment using β-cyclocitral as the sole carbon source demonstrated that strains DH18 and 
THN1were able to decompose β-cyclocitral efficiently, and these bacterial strains could provide good model organisms 
for the studying the biodegradation of β-cyclocitral. 
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